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 EXECUTIVE SUMMARY 
 
A 44 home residential development is proposed for Shadow Run Ranch in Pauma Valley.  The 
property is currently the site of a 200 acre citrus and avocado grove.  Under the proposed 
development the 44 homes will rely on individual septic systems and potable water from Yuima 
Municipal Water District.  Additionally, grove acreage will be reduced to 144 acres under the 
proposed project. 
 
Five water wells are located down gradient and across Highway 76 within the San Luis Rey 
River.  These wells are owned by the applicant, but are not within the project site.  Three of the 
wells are operated by Yuima Municipal Water District (YMWD).  These wells are monitored for 
water quality by YMWD on a regular basis.  Water quality monitoring information indicates that 
nitrate concentrations in groundwater samples collected from these wells is elevated and on rare 
occasions have exceeded the Maximum Contaminant Level (MCL) for nitrate (as nitrogen) of 10 
milligrams per liter (mg/l).  In May 2012, groundwater samples were collected from the four on-
site irrigation wells, as well as one off-site irrigation well.  Samples were analyzed for nitrate, as 
nitrogen.  Nitrate concentrations ranged from below the reporting limit of 0.5 mg/l at the well 
located furthest up gradient at the site, to 8.9 mg/l at the well located furthest down gradient. 
 
Because the proposed project will introduce a new source of nitrogen that will migrate to the 
water table, the San Diego County Environmental Health Department (DEH) requested an 
analysis of nitrogen loading.  This analysis addresses both the addition of nitrogen to the site 
from the proposed septic systems, but also the reduction of nitrogen caused by the decrease in 
fertilizer application that will occur as a result of the planned reduction in grove acreage. 
 
The study also characterizes the occurrence of groundwater at the site.  Groundwater occurs 
beneath the site in saturated alluvial fan deposits.  Alluvial fan deposits are generally highly 
permeable due to their coarse sediment texture.  On-site well yields on the order of hundreds of 
gallons per minute indicate that the alluvial fan deposits at the site are permeable with respect to 
water.  The alluvial fan deposits, along with the high annual rainfall rates that occur in the 
mountains upgradient and beyond the project boundaries, result in groundwater inflow to the 
property that likely is well in excess of groundwater recharge that occurs from direct rainfall 
infiltration on-site.   
 
The change in land use is expected to result in about an 11 percent decrease in nitrogen loading 
under the new project, compared to current conditions.  Hence, on-site nitrate concentrations in 
groundwater, measured as high as approximately 9 mg/l may be expected to eventually decline 
by about 1 mg/l.  Because nitrate measurements in groundwater samples collected from the 
YMWD wells on a quarterly basis exhibit variations in excess of 1 mg/l it is not likely that the 
decline in nitrate concentrations will be readily evident.  However, the analysis indicates that an 
increase in nitrate concentrations in groundwater at the site or at the YMWD wells is not 
expected as a result of the proposed project.
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 1.0 INTRODUCTION 
 
The project, known as “Shadow Run Ranch, LLC,” (hereinafter “project”) consists of 44 
residential lots and three open space lots that are proposed to accommodate biological, 
agricultural, and recreational uses. The project site encompasses 248.26 acres (TRS, 2012) and is 
located in the unincorporated community of Pala/Pauma in north central San Diego County 
(Figure 1).  Annexation to the local service district is also proposed for potable water and fire 
services and sewer service will be provided via individual septic systems on each lot.  
 
This report documents an assessment of the change in nitrogen loading of groundwater from the 
existing citrus and avocado grove land use to the proposed land use that will not only include the 
new residences, but will also result in a reduction in grove acreage.  Hence an increase in 
nitrogen loading will occur from the additional septic systems that will be introduced with the 
project and a decrease in nitrogen loading will also occur from the removal of grove acreage that 
is also associated with the new project.  
 
 2.0 SETTING 
 
The following characterizes the topography, watershed boundaries, rainfall distribution, and 
general geologic setting near the site. 
 
2.1 TOPOGRAPHY AND WATERSHED BOUNDARIES 
 
As described by URS Consultants in their Updated Geologic Hazards Study (URS, 2009), the 
site is on an alluvial fan surface derived from the erosion of the nearby steep granitic mountain 
slopes of Agua Tibia Mountain, Crosley Saddle, and Eagle Crag to the north and northeast 
(Figure 2).   
 
Land surface elevation at the site ranges from approximately 750 feet mean sea level (ft msl) to 
1,620 ft msl.  Land surface elevations within the watershed surrounding the site range from 
approximately 670 ft msl at the San Luis Rey River to nearly 4,780 feet at Agua Tibia Mountain 
(Figure 2).  The local watershed encompassing the site covers approximately 6,700 acres (over 
10 square miles). 
 
2.2 RAINFALL DISTRIBUTION 
 
Due to the steep mountain slopes and relatively high land surface elevations north of the site, the 
orographic effect of these slopes forces moist coastal breezes upward.  As the air rises it is 
cooled. This process results in increasingly higher annual rainfall within the watershed as land 
surface elevation increases.  An excerpt from the County of San Diego 30-Year Average Annual 
Precipitation Map overlaid on the USGS topographic map shows that average annual rainfall 
ranged from a low of 18 to 21 inches at the site to 33 to 35 inches at the upper reaches of the 
local watershed. 
 



Wiedlin & Associates, Inc. 
Applications in Groundwater Science 

 

 

8

2.3 GEOLOGIC SETTING 
 
As described by URS Consultants, the oldest rocks outcropping in the site vicinity are 
Cretaceous age intrusive igneous rock of Agua Tibia Mountain and older pre-Cretaceous 
metamorphic and metasedimentary rocks in the north-northeast portion of the site (URS, 2009).  
Rock units mapped in the area include the Woodson Mountain Granodiorite and the San Marcos 
Gabbro.  The pre-Cretaceous metamorphic rocks are not named, according Kennedy, 2000 
(URS, 2009).  Erosion of the high relief Agua Tibia Mountain has generated broad, coalescing 
alluvial fans along the margins of the San Luis Rey River Valley.  The site is underlain by 
alluvial fan deposits that include cobble to large boulder clasts of predominantly granitic rock.  
The alluvial fan deposits range in age from Pleistocene to Holocene age.  Alluvium is present in 
the San Luis Rey River Valley and in the lesser on-site tributary drainages like Fry Creek (URS, 
2009).  Though alluvium in the lesser tributary drainages would not be expected to be saturated 
with groundwater as depth to groundwater is most likely greater than the relatively shallow 
alluvial deposits. 
 
For reference, URS has prepared a detailed geologic map of the site and 7.5-minute quadrangle 
geologic maps, have been jointly published by the USGS and the California Geological Survey.  
The 7.5 minute quadrangle maps, specifically relevant to the project vicinity are Pala, Vail Lake, 
Boucher Hill, and Pechanga.  These geologic maps can be obtained in PDF format on line at 
http://www.conservation.ca.gov/cgs/rghm/rgm/Pages/southern_region_quads.aspx. 
 
The Elsinore Fault zone occurs within Pauma Valley and within the upper portion of the project 
site (URS, 2009).  The fault zone is likely responsible for pronounced physiographic highs such 
as Agua Tibia Mountain and Palomar Mountain and hence is a causal factor in the development 
of the alluvial fans at the site. 
 
 3.0 HYDROGEOLOGY 
 
Information regarding on-site water wells and water wells in the immediate vicinity of the 
project that are owned by the project applicant is summarized.  A discussion of groundwater 
occurrence is presented including a qualitative discussion of local groundwater recharge 
processes, presentation of groundwater level and groundwater flow direction information, and a 
discussion of the relative contribution of groundwater inflow from the local watershed to 
groundwater flow along the San Luis Rey River.  Lastly, nitrate concentrations in groundwater 
are presented. 
 
3.1 WATER WELL INFORMATION 
 
Four agricultural irrigation wells, PV-6 through PV-9 occur at the site (Figure 2).  These wells 
will continue to provide irrigation water only for the project.  Well PV-10, an irrigation well, is 
located just east of the project site and is owned by the Schoepe family.  Five production wells, 
PV-1 through PV-5, are located along the San Luis River channel just south of the site (Figure 
2).  These wells are also owned by Schoepe family.  Well PV-1 is inactive.  Wells PV-2 through 
PV-4 are managed and pumped by the Yuima Municipal Water District (YMWD).  Well PV-5 is 
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monitored by the YMWD but apparently has not been actively pumped for at least several years.  
The water wells were installed between 1972 and approximately 1992 (Table 1). 
All ten wells are completed in the alluvial fan deposits and in some cases continue into the 
underlying fractured granitic rock (Table 1, Appendix A).  Total depth of the wells ranged from 
175 feet at PV-1 to approximately 1,000 feet at Wells 5 and 9.  In some cases the quality of the 
driller’s logs are questionable, in other cases the wells have gamma ray logs to support the 
driller’s log.   
 
Extended pump tests conducted by pump service contractors indicate that production rates at all 
the wells range between 200 gpm to 450 gpm.  Specific capacity values range between 1.8 gpm 
per foot of drawdown to 6.0 gpm per foot of drawdown (Table 1). 
 
3.2 GROUNDWATER OCCURRENCE 
 
Unpumped groundwater depths measured in February 2012 for the YMWD wells and in April 
2012 for the on-site wells ranged between 96 feet and 409 feet (Table 2).  The 409 foot 
groundwater level was measured at well PV-7.  It is uncertain if this anomalously deep 
measurement is accurate, a result of incomplete pumping recovery, or related to faulting along 
the Elsinore Fault Zone.  The water level measurement at well PV-7 results in a localized 
deflection in the direction of groundwater flow (Figure 4) toward the southwest.  However, this 
well is completed several hundred feet into bedrock while its neighboring wells are completed 
either above bedrock to 80 feet into bedrock according to hand drawn, draft logs prepared by an 
unknown author (Appendix A).  Saturated alluvial sediment thicknesses are based on recent 
groundwater level measurements range between 30 to 77 feet for the YMWD production wells to 
approximately 190 to 365 feet for the on-site wells.  The greater saturated alluvial sediment 
thicknesses on the property versus the river bed are attributable to reportedly deeper bedrock - 
alluvium contacts on the property (Appendix A).  However, the quality of those lithologic 
interpretations are uncertain. 
 
The overall direction of groundwater flow at the site is southward from the head of the alluvial 
fan toward the San Luis Rey River (Figure 4).  Groundwater flow in the immediate vicinity of 
the YMWD wells is convergent as suggested by groundwater elevations at upstream wells PV-2 
and 3 having somewhat lower static groundwater elevations than downstream wells, PV-4 and 
PV-5.  The groundwater hydraulic gradient on-site is approximately 0.08 feet of groundwater 
elevation change per horizontal foot.  As one approaches the YMWD water levels, the gradient 
flattens by nearly an order of magnitude to approximately 0.007 feet per foot.  This change in 
gradient likely reflects the extended cone of depression associated with YMWD groundwater 
pumping. 
 
In the western United States uplifted mountains, bordered by subsided valleys, often have 
alluvial fans that occur along the transition between these tectonic physiographic features.  The 
alluvial fan deposits are typically coarser grained and higher in permeability closer to the 
mountain front and decrease in coarseness and permeability toward the valley.  Runoff coming 
from the mountains can soak into the coarse deposits (Fetter, 1994).  As demonstrated in Figure 
2, rainfall occurs at significantly higher rates in the mountains.  Hence infiltration of runoff into 
the alluvial fans is an important hydrogeologic process in delivering water to the water table and 
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most probably plays a greater role in groundwater recharge than infiltration of rainfall that falls 
directly on to the site. 
 
Groundwater inflow into the San Luis Rey River of course is not limited to the alluvial fan 
deposits that are present at the site.  The drainage area of the San Luis Rey River at the point 
where the river encounters the site encompasses hundreds of square miles, including extensive 
areas that occur at land surface elevations greater than 4,000 feet msl where rainfall rates are 
exceptional high.  Similarly, Pauma Valley has extensive agricultural groves, hence nitrate 
sources off site and upgradient of the site are also extensive and subject to degrading 
groundwater pumped from the YMWD water wells. 
 
3.3 NITRATE CONCENTRATIONS 
 
Groundwater samples are collected from YMWD water wells (PV-2 through PV-4) and analyzed 
for nitrate (NO3

-), every 3 to 4 months.  On-site, groundwater samples were collected from wells 
PV-6 through PV-10 on May 7, 2012 and analyzed for nitrate (as nitrogen), Total Kjedahl 
Nitrogen and Total Dissolved Solids (TDS) (Appendix B).  TKN is a measure of the sum of the 
concentrations of organic nitrogen, ammonia (NH3), and ammonium (NH4+).  Hence, with the 
exception of nitrite, Total Nitrogen in groundwater has been measured.  The occurrence of nitrite 
(NO2

-) in groundwater is highly unlikely as environmental conditions in the unsaturated zone and 
within an unconfined aquifer typically oxidizes the various reduced forms of nitrogen found in 
fertilizer as well as septic leachate completely to nitrate.  TKN concentrations in the on-site 
groundwater samples were all below the laboratory reporting limit of 0.5 mg/l (Appendix B).  
Hence it is reasonably inferred that nitrate concentrations detected in groundwater is the only 
form of nitrogen occurring in groundwater. 
 
The distribution of nitrate in groundwater across the site indicates that the grove operation is a 
likely source of nitrate as concentrations in the upgradient water wells are at or near the reporting 
limit.  Nitrate concentrations at the site appear to increase as groundwater flows from the 
upgradient end of the grove to the down gradient end of the grove (Table 3 and Figure 5).  
Nitrate concentrations are greatest at the two most down gradient wells at the site, PV-9 and PV-
10 at concentrations of 8.9 and 7.9 milligrams per liter (mg/l) compared to a state and federal 
maximum contaminant level (MCL) of 10 mg/l.  Groundwater samples collected at YMWD 
wells, PV-2 through PV-4, in October and September 2011, ranged from 6.4 to 7.3 mg/l (Figure 
5).  The slightly lower nitrate concentrations suggest that groundwater inflow along the San Luis 
Rey River provides somewhat greater dilutive capacity for nitrate compared to groundwater flow 
beneath the site.   
 
 4.0 NITROGEN MASS BALANCE 
 
A five year record of fertilizer purchases for the Shadow Run Ranch provides the basis for 
estimating the mass of nitrogen delivered to the soil from agricultural activity (Appendix C).  A 
literature search for citrus tree uptake of nitrogen was researched on-line, through the San Diego 
County/University of California, Davis Agricultural Extension, and the University of California, 
Riverside (UCR) Library.  On-line research identified research conducted by the University of 
Florida that estimated nitrogen uptake efficiency in citrus trees.  Gary Bender, Ph.D. a farm 
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advisor from the San Diego County/University of California, Davis Agricultural Extension, who 
specializes in deciduous fruit trees, reviewed one of the University of Florida nitrogen uptake 
efficiency publications and indicated that there were no comparable studies in Southern 
California (Bender, 2012).  A literature search at the UCR Library also did not provide any 
comparable studies. 
 
Nitrogen uptake efficiency indicates how much of the nitrogen applied to the soil is taken up by 
the crop.  A summary document prepared by the University of Florida reports that a well 
managed citrus grove planted in sandy soil will have a nitrogen uptake efficiency between 40 
and 60 percent (University of Florida, 2006).  Hence, approximately 50 percent of the nitrogen in 
fertilizer remains in the environment.  Once oxidized to nitrate, nitrogen in soil is typically stable 
and is unlikely to leave the hydrogeologic environment other than through groundwater 
pumping. 
 
Under the project, 44 residential lots equipped with septic systems will be developed at the 
property.  As part of the development, grove acreage will decrease from 200 acres to 144 acres. 
Accordingly, nitrate loading will increase from one source and decrease from another.  
 
4.1 CURRENT NITROGEN LOADING  
 
Fertilizer purchase records for Shadow Run Ranch from 2007 through 2011 indicate that 
between  approximately 8,300 kilograms (kg) to 20,100 kg of Total Nitrogen are purchased 
annually (Figure 6).  Over the five year period Shadow Run Ranch Total Nitrogen purchases 
averaged 12,860 kilograms (Figure 6).  Assuming a nitrate uptake efficiency of 50 percent, 
approximately 6,430 kg of nitrogen is expected to reach the water table from current agricultural 
practices. 
 
4.2 NITROGEN LOADING UNDER THE PROPOSED PROJECT 
 
Nitrogen loading to groundwater under the new project will differ from current conditions in two 
principal ways.  The residential development will include 44 individual septic systems with 
nitrogen bearing septic effluent.  The proposed project will also have less grove acreage.  This 
will result in a decrease in the mass of nitrogen enriched fertilizer applied to the soil.  The 
following provides an estimate of how each change in land use may affect the rate of nitrogen 
loading to groundwater. 
 
4.2.1 Anticipated Nitrogen Loading from Septic Discharge 
 
The addition of 44 residential homes will generate domestic wastewater containing reduced 
forms of nitrogen.  The discharge of the wastewater via leach fields and infiltration through the 
unsaturated zone typically oxidizes the reduced forms of nitrogen to nitrate.  The following 
provides an estimate of nitrogen loading from the proposed residential development. 
 
Nitrogen loading from domestic wastewater is a function of the average septic wastewater flow 
rate and the average nitrogen concentration .  Wastewater flow is generally a function of the 
number of people residing in the home.  It is assumed that on average the homes in the 
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development will have five bedrooms and will populated with two residents in the master 
bedroom and one resident in the four remaining bedrooms.  Hence on average it is assumed that 
for the purposes of estimating wastewater flow there will be six full time residents per home.  
The California Department of Water Resources estimates, for the purpose of urban water 
management planning, that indoor water use in newer homes is approximately 75 gallons per day 
per resident (DWR, 2011).  However, this per capita rate of internal residential water 
consumption is considered very high by DWR and EPA (DWR, 2011 and EPA, 1980) and both 
agencies indicate most residences use approximately 55 gallons per day per resident.   
Septic leachate was collected from suction lysimeters that were placed below several different 
San Diego County leach fields in a study conducted by San Diego State University.  Nitrate 
concentrations detected in these samples ranged between 30 and 40 mg/l (Huntley, 1987).   
 
Alternatively, the EPA Design Manual for Onsite Wastewater Treatment and Disposal (EPA, 
1980) reports that approximately 11.2 grams of Total Nitrogen per day can be anticipated per 
individual resident.  This approach permits bypassing an estimate of the average wastewater flow 
rate. 
 
Applying both approaches, the estimated annual mass of Total Nitrogen applied to the site from 
the septic discharge of 44 homes ranges between 1,094 kg per year for the first approach to 1,079 
kg per year for the second approach (Table 4).  Hence the two approaches provide essential the 
same Total Nitrogen load estimate.  This estimate will likely be on the high side relative to the 
actual nitrogen loading that will eventually occur at the site because the per capita rate of internal 
residential water use is considered quite high and the assumption that all 44 homes will have an 
average occupancy of six residents. 
 
4.2.2 Reduction in Nitrogen Loading, Grove Acreage Decrease 
 
Grove acreage is expected decrease from the current 200 acres to 144 acres after development.  
Assuming uniform fertilizer application rates across the grove it would be expected the Total 
Nitrogen application to the soil would decrease by (200-144) acres / 200 acres; or 28 percent.  
Since the average annual Total Nitrogen application to soil over the past five years is 12,860 kg, 
under the project one can anticipate Total Nitrogen applications to soil decreasing 28 percent to 
approximately 9,260 kg; a reduction of approximately 3,600 kg per year.  Accounting for 
nitrogen uptake efficiency at a rate of 50 percent, nitrogen reaching groundwater from fertilizer 
application is anticipated to decrease by 1,800 kg per year under the project (Table 5). 
 
4.2.3 Net Change in Nitrogen Loading 
 
Under the proposed project, nitrogen loading to groundwater is expected to change from the 
current average of 6,430 kg per year through an increase of 1,094 kg of Total Nitrogen from 
septic discharge and through a decrease of 1,800 kg of Total Nitrogen caused by a planned 
decrease in grove acreage and fertilization (Figure 7).  These changes in land use result in an 
estimated average nitrogen loading of 5,724 kg per year or a decrease of approximately 706 kg 
per year. 
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The anticipated reduction in nitrogen loading is approximately 11 percent of the current average 
nitrogen loading rate.  Assuming that the sole source of nitrogen for on-site groundwater is on-
site fertilizer applications, an 11 percent reduction in nitrogen loading would imply an eventual 
11 percent reduction in nitrate concentrations in groundwater (Table 5).  Hence a 9 mg/l nitrate 
concentration may eventually decline to approximately 8 mg/l.  As both of these values fall 
within the normal range variability observed in nitrate concentrations measured at the YMWD 
wells, it is likely that decline in nitrate concentrations associated with the project would be 
difficult to detect.  On the other hand, a potential future rise in nitrate concentrations in 
groundwater would not be expected to be attributable to the change in land uses discussed herein. 
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